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ABSTRACT 


Background: Diagnostic scores are useful and easy methods which help in reaching surgical decision. These scores 
make use of Clinical, analytical and radiological findings to produce a rationalized model of clinical decision making. The 
objectives are to analyse clinico-pathological condition of acute appendicitis and to confirm diagnosis by histo-pathological 
examination and by Alvarado score and RIPASA score. Methods: A prospective study of 100 patients who were 
suspected enough to warrant surgery for acute appendicitis admitted in St. Stephens Hospital under various surgical units 
was conducted for a period of 2 years. Base line investigations (full blood count, urine routine examination, USG abdomen 
and peripheral smear for shift to left) are done. USG is an optional study. Then a specially designed Performa is filled for 
each patient. These Performa have general information about the patient plus all the variables based on Alvarado and 
RIPASA score. Results: The sensitivity of RIPASA Score in our study (cut off value of 7.5) is 95.6% while the specificity is 
50% .The positive predictive value is 94.5% and negative predictive value is 55.6%. Accuracy of the scoring system is 
91%. The sensitivity of Alvarado score (cut off value of 7) in our study is 63.3% while the specificity is 100 .The positive 


predictive value is 100% and negative predictive value is 23.3 %. 


Accuracy of the scoring system is 67%. RIPASA score 


is highly sensitive score for Acute appendicitis at a cut off value of 7.5 in contrast to ALVARADO score which is both 
sensitive as well as specific at cut off value of 6. Area under ROC curve for ALVARADO score is slightly higher than 
RIPASA 0.926 vs 0.914 hence we can conclude that ALVARADO score at cut off value of 6 is better than RIPASA but 
results are not statistically significant. Conclusion: The application of these scoring systems improves diagnostic accuracy 


and thus consequently reduces complication rates. 


eywords: Alvarado score, Appendicitis, Histo-pathology, RIPASA score. 


INTRODUCTION 


Acute surgical abdomen is an important problem 
faced by surgeons. The wide range of cause and 
varied patient presentation pose a formidable 
diagnostic and therapeutic challenge. As with all 
new developments however, enthusiasm for the new 
and modern techniques has sometimes overwhelmed 
good clinical judgment.|"! 

Acute appendicitis is one of the most common 
surgical emergencies. The lifetime rate of 
appendicectomy is 12% for men and 25% for 
women, with approximately 7 % of all people 
undergoing appendicectomy for acute appendicitis 
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during life time."?! The diagnosis of acute 
appendicitis is based purely on clinical history and 
examination combined with laboratory 
investigations such as elevated WBC. Despite being 
a common problem, acute appendicitis remains a 
difficult diagnosis to establish particularly among the 
young, elderly and females of reproductive age 
group where a host of other genito-urinary and 
gynaecological inflammatory conditions are present 
with signs and symptoms that are similar to those of 
acute appendicitis.) 

The surgical principle about acute appendicitis 
"when in doubt, take it out", is not correct in view of 
the number of major and minor complications 
following appendicectomy. Despite more than 100 
years of experience, accurate diagnosis still evades 
the surgeon. Owing to its myriad presentations, acute 
appendicitis is a common but difficult diagnostic 
problem. The accuracy of the clinical examination 
has been reported to range from 71% to 97% and 
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varies greatly depending on the experience of the 
examiner. >~7] 

A delay in performing an appendicectomy in order 
to improve its diagnostic accuracy increases the risk 
of appendicular perforation and sepsis which in turn 
increases morbidity and mortality, the opposite is 
also true, where with reduced diagnostic accuracy 
the negative or unnecessary appendicectomies rate is 
increased and this is generally reported to be 
approximately 20-40%. '*!4 

Perforation may occur in upto 35 % of cases. So 
traditionally surgeons have accepted that higher rate 
of negative appendicectomies in order to decrease 
the incidence of perforation. This approach has been 
increasingly questioned in today’s era of cost 
effective health care. The goal of surgical treatment 
is removal of inflamed appendix before perforation 
with minimal number of negative 
appendectomies.!!7-!°! 

Diagnosis of Acute appendicitis remains challenging 
despite improvement in history taking, clinical 
examination, the new computer aided decision 
support system, clinical diagnostic sourcing and new 
imaging technique.!"4! 

Diagnostic scores are useful and easy methods which 
help in reaching surgical decision. These scores 
make use of clinical, analytical and radiological 
findings to produce a rationalized model of clinical 
decision making. Presently several such scoring 
systems have been proposed to aid in diagnosis of 
acute appendicitis. The description of Alvarado 
Score system has greatly improved ability to 
diagnose.!>! 

The use of an objective scoring system such as the 
Alvarado System can_ reduce the negative 
appendectomy rate to 0-5 %.'>.* 

Another score RIPASA comprising of 15 parameters 
iS a new scoring system designed by Raja Isteri 
Pengiran Anak Saleha Hospital, Bandar Seri 
Begawan, Brunei Darussalam which is supposed to 
be more promising for Asian population."”| 

Although, a systemic Review of several published 
scoring systems concludes that they are potentially 
useful in confirming the diagnosis of acute 
appendicitis, but not in ruling it out. Therefore, they 
should not be solely relied upon but used as an 
adjunct to traditional history, examination and 
laboratory testing.!'®! This research was undertaken 
to study various parameters yielding the diagnosis 
of acute appendicitis by comparing two scores of 
acute appendicitis, RIPASA and ALVARADO and 
to find out which scoring method is better.!*! 

In our hospital acute appendicitis is one of the most 
common acute abdominal emergencies warranting 
surgery in patient presenting with atypical clinical 
findings. These scoring system play a definite role in 
diagnosis of acute appendicitis because these are 
easy to perform. Till now in our hospital no study to 
compare Alvarado and RIPASA score had been 
done hence this research work was undertaken.""!! 


— 


The objectives are to analyse clinico-pathological 
condition of acute appendicitis and to confirm 
diagnosis by histo-pathological examination and to 
decrease the negative appendicectomy rate. 


MATERIALS AND METHODS 


A prospective study of 100 patients who were 
suspected enough to warrant surgery for acute 
appendicitis admitted in St. Stephens Hospital under 
various surgical units was conducted for a period of 
2 years. 

Inclusion criteria: All patients admitted with age 
more than 13 years and irrespective of sex 
presenting with right iliac fossa pain suspected to be 
of acute appendicitis and undergone appendectomy. 


Exclusion criteria 

Patients presenting with any form of non- right iliac 
fossa pain such as right upper quadrant pain etc. 
Patients who had undergone other emergency 
laparotomy where appendectomy was _ also 
performed as a part of procedure 

Patients with appendicular lump 

Patients undergoing elective appendectomies after 
appendicular lump. 

Pregnant females. 


Diagnostic Criteria for Acute appendicitis 
History of right lower quadrant pain or peri- 


umbilical pain migrating to right lower quadrant 
with nausea and/ or vomiting 

Fever of more than 38 °C. 

Right lower quadrant guarding and tenderness on 
physical examination. 


Base line investigations (full blood count, urine 
routine examination, USG abdomen and peripheral 
smear for shift to left) are done. USG is an optional 
study. Then a specially designed Performa is filled 
for each patient. These Performa have general 
information about the patient plus all the variables 
based on Alvarado and RIPASA score. Both the 
RIPASA and Alvarado scores were derived, but 
decisions for appendicectomy were based on clinical 
judgement. Diagnosis of acute appendicitis is 
confirmed by operative findings and 
histopathological assessment of the appendicectomy 
specimen. The Appendix specimen is sent for 
histopathology report and the report is noted. 
Histopathological diagnosis is considered as final. 
Both Ripasa and Alvarado scores were compared to 
Histopathological report. 

Alvarado score:'! Seven criteria (8 points) were 
chosen for inclusion in the diagnostic score, 
weighted to represent joint probability of disease. 
These criteria were grouped as 

Migration of pain 

Anorexia 
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Nausea and vomiting 

Tenderness right iliac fossa 

Raised Temperature ( > 37.3 * C ) 

Leucocytosis 

Shift of left in leucocyte count (Neutrophil > 75 % ) 
Right lumbar quadrant pain and a left shift were 
found to be the most prevalent, thus receiving 2 
points each, while each of the remaining criteria was 
attributed 1 point. This initial study included both 
adults and children, with an age range of 4 to 80 
years (mean 25.3). An Alvarado Score of >7 was 
considered high risk for appendicitis. Though not 
explicitly stated in the study, this threshold value had 
a sensitivity of 81% and a specificity of 74%. 


RIPASA (Raja Isteri Penigiran Anak Saleha) Score 
What is probably the newest member to the group of 
appendicitis scores is the RIPASA (Raja _ Isteri 
Penigiran Anak Saleha) score, named after its 
hospital of origin in Brunei. Clinical data from 312 
patients who had undergone an _ emergency 
appendicectomy was retrospectively collected and 
used to generate 15 parameters by Chong et al.!!3! 


The 15 parameters and the scores generated by 
Chong et al were!!! 

Age (less than 40 years is | point; greater than 40 
years 1s 0.5 point) 

Gender (male is | point; female is 0.5 point) 

Right iliac fossa (RIF) pain (0.5 point) 

Migration of pain to RIF (0.5 point), 

Nausea and vomiting (1 point), 

Anorexia (1 point), 

Duration of symptoms (less than 48 hours is 1 point; 
more than 48 hours is 0.5 point), 

RIF tenderness (1 point), 

Guarding (2 points), 

Rebound tenderness (1 point), 

Rovsing's sign (2 points), 

Fever (1 point), 

Raised white cell count (1 point), 

Negative urinalysis (1 point) 

Foreign national registration identity card (1 point). 
We have given | pt to all our patients in RIPASA 
score as all patients were local residents. 

According to the RIPASA score the cut-off threshold 
score is 7.5. 

Statistical testing was conducted with the statistical 
package for the social science system version SPSS 
17.0. Continuous variables are presented as mean + 
SD, and categorical variables are presented as 
absolute numbers and percentage. The comparison 
of normally distributed continuous variables between 
the groups was performed using Student’s t test. 
Nominal categorical data between the groups were 
compared using Chi-squared test or Fisher’s exact 
test as appropriate. A receiver operating 
characteristics (ROC) analysis was calculated to 
determine optimal cut-off value for ALVARADO 
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score and RIPASA score. The area under the curve, 
the sensitivity, specificity, PPV and NPV was also 
calculated to analyse the diagnostic accuracy of 
Alvarado and RIPASA were Gold standard HPE 
diagnosis. For all statistical tests, a p value less than 
0.05 was taken to indicate a significant difference. 


RESULTS 


The study was conducted in Department of Surgery, 
St Stephens Hospital for a period of 2 years. A total 
of 100 patients attending surgical emergency were 
offered to be part of study. 


Table 1: Results of histo-pathology examination. 


Histopathology Number of | Percentage 
patients 


Acute Appendicitis p90 90% 
Non Acute Appendicitis 
100% 





mAcute Appendicitis 
mNon Acute Appendicits 





Figure 1: Graphical representation. 


Histopathology has been taken as reference gold 
standard for diagnosis of acute appendicitis in our 
study. Out of the total 100 patients in our study 90 
no of cases (90%) were actually found acute 
appendicitis on histopathology while rest 10 cases 
were normal on histopathology [Table 1, Figure 1]. 


Table 2: Alvarado Score groups frequency distribution. 


patients 


AlWarado Score 
mg AS27 


mAS<7 


43% 
g 57% 


Figure 2: Graphical representation. 
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Alvarado score was >7in 57% and <7 in 43%.So 
according to AS, there were 57 patients in highly 
probability of acute appendicitis category while rest 
43 were in low/mild probability Table 2, Figure 2]. 


Table 3: Comparison of Alvarado Score (AS) with 
Gold standard (Histopathology). 


Acute Non Total 
Appendicitis(Histopatho Appendicitis 
logically) (Histopathologi 
cally) 
>7 <0.00 
“mn " 
<7 


Tot 90 (100%) 10 (100%) 
al 


Correlation between Alverdo Score at 7 and HPE 
Diagnosis wAS<7 
gwAS >7 


ai 


Acute Appendicitis Non Appendicitis 


% Of Cases 





Figure 3: Graphical representation. 


The sensitivity of AS in our study is 63.3% while the 
specificity is 100. The positive predictive value is 
100% and negative predictive value is 23.3%. 
Accuracy of the scoring system is 67% [Table 3, 
Figure 3]. 


Table 4: RIPASA Score groups frequency distribution. 


RIPASA Score Number of Percentage 
patients 


pS 9H 
100% 


RIPASA Score 


Figure 4: Graphical representation. 


RIPASA Score was =7.5 in 91 no (91% ) and <7 in 
9 no(9%).So according to RRIPASA Score there 
were 91% patients in highly probability of acute 








appendicitis category while rest 9% were in 
low/mild probability [Table 4, Figure 4]. 


Table 5: Comparison of RIPASA Score with Gold 
standard (Histopathology). 


Acute Non Appendicitis | Total 
Appendicitis (Histopathologica 
(Histopathologica lly) 


lly) 
RIPAS 86 (95.6%) 5 (50%) 
A Score 
>7.5 <0.001 
4 (4.4%) 5 (50%) - 

A 
Score<7 

i) 

Correlation between RIPASA Score at 7 and HPE 
Diagnosis 


mRIPASA<7 
mRIPASA 27 


ai 


Acute Appendicitis Non Appendicitis 


% of cases 


Figure 5: Graphical representation. 


The sensitivity of RIPASA Score in our study is 
95.6% while the specificity is 50% .The positive 
predictive value is 94.5% and negative predictive 
value is 55.6%. Accuracy of the scoring system is 
91% [Table 5, Figure 5]. 


Table 6: Comparison of AS and RIPASA Score. 


po AS RIPASA Score __| 





Sensitivity 





1- Specificity 


Diagonal segments are produced by ties. 
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Figure 6: Receiver Operating Curve Analysis of 
scoring systems. 


Area under curve is 0.926 (0.857 — 0.996). From the 


curve the cut off comes out to be 6 at which there is 
a good balance between sensitivity and specificity 
[Table 6, Figure 6]. 


Table 7: Comparison of Alvarado Score (AS) with 
Gold standard (Histopathology) 
Acute Appendicitis 


By). 

Non Appendicitis Total 

(Histopathologicall | (Histopathologicall 
y) y) 





Correlation between Alverdo Score at 6 CUT OFF and 
HPE Diagnosis mAS<6 


mAS >6 
Ba 


Acute Appendicitis Non Appendicitis 


% of cases 





Figure 7: Graphical representation. 
Sensitivity = 85.6%, Specificity = 80%, Positive 


Predictive Value = 97.5%, Negative Predictive 
Value = 38%, Accuracy = 85%. 


ROC Curve 


Sensitivity 








\ r | 
0.0 02 O04 0.6 0.8 1.0 


1 - Specificity 
Diagonal segments are produced by ties. 
Figure 8: RIPASA Score Receiver Operating Curve 


analysis. 


Area under curve is 0.914 (0.832 — 0.996) From the 
curve the cut off comes out to be 8 at which there is 


a good balance between sensitivity and specificity 
[Figure 8]. 


Table 7: Comparison of RIPASA with Gold standard 


(Histopathology). 


Acute Non Appendicitis | Tota 
Appendicitis (Histopathologica 
(Histopathologica lly) 


lly) 


RIPASA 85 (94.4%) 5 (50%) 
28 

) 
8 


RIPASA 5 (5.6%) 5 (50% 0.001 
< * 


90 (100%) 10 (100%) 


Correlation between RIPASA Score at 8 and HPE 
Diagnosis 
mRIPASA<8 
BRIPASA 28 


% of cases 
3 


: 


Acute Appendicitis 


Non Appendicitis 





Figure 9: Graphical representation. 


Sensitivity = 94.4%, Specificity = 50%, Positive 
Predictive Value = 94.4%, Negative Predictive 
Value = 50%, Accuracy = 90%. 


DISCUSSION 


Acute Appendicitis remains a common abdominal 
surgery throughout the world. Early and accurate 
diagnosis of acute appendicitis 1s required to reduce 
the mortality and morbidity associated with delayed 
diagnosis and its complications. In addition to 
significant mortality and morbidity, negative 
appendectomy is also responsible for loss of 
precious staff hours and financial resources. None of 
the investigations like USG, CT scan can 
conclusively diagnose appendicitis. Some of the 
investigations already discussed are costly, time 
consuming; require more sophisticated equipment 
and expertise, while some are not feasible and not 
readily available. The diagnosis of acute appendicitis 
continues to be difficult due to variable presentation 
of disease and the lack of reliable diagnostic test. 
Even today, a thorough clinical examination with 
basic investigations like WBC counts remains the 
cornerstone in the diagnosis of acute appendicitis. 
With this background many eminent surgeons have 
been adopting different scoring systems in order to 
decrease negative appendectomy.!>”! 

A number of clinical scoring system has been used 
as a complimentary aid in the diagnosis of acute 
appendicitis. Initial assessment can be improved by 
the use of clinical scoring system. Alvarado scoring 
system is one of the oldest scoring system while 
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RIPASA is the newest scoring system. Both these 
scoring systems are based on history, physical 
examinations and few laboratory tests. Both scoring 
systems are simple, easy to apply and cheap 
complimentary aid for supporting the diagnosis of 
acute appendicitis. The present study was undertaken 
to evaluate the usefulness of Alvarado and RIPASA 
scoring system in reducing the number of negative 
appendectomies and to compare both these scoring 
systems. Our results and observations are discussed 
and compared with various other studies.'?-'7! 

The sensitivity of RIPASA Score in our study is 
95.6% while the specificity is 50%. The positive 
predictive value is 94.5% and negative predictive 
value is 55.6%. Accuracy of the scoring system is 
91%. The sensitivity of AS in our study is 63.3% 
while the specificity is 100. The positive predictive 
value is 100% and negative predictive value is 23.3 
%. Accuracy of the scoring system is 67%. 
Comparison of Sensitivity of Alvarado score (cut off 
7) in different studies revealed that sensitivity of 
Alvarado score varies from 53 % to 95%. 


81.63% 
95.40% 
Al- Hashemy et al!!?! 53.90% 


Shrivastava UK et all?! 92.40% 
Present study (cut off 7) 63.3% 
Present study (cut off 6) 85.6% 


Comparison of RIPASA score (cut off 7.5) in 
different studies revealed that sensitivity and 
specificity of RIPASA score ranges between 88 to 
98 % and 66 to 81 % respectively. 


Chong FC et al Chong FC et al | Our 
(Retrospective (prospective Study 
98% 


85.3% 94.5% 
97.4% 55.6% 


Diagnostic 80.50% 91.8% 91% 
Accuracy 


Comparison of RIPASA and ALVARADO score by 
Chong CF et al and our study.!7#! 


Chong CF | Our Study 
et al! 
RIPASA Sensitivity 98% 95.6% 
score 


(cut off 7.5) | Specificity 81.3% 


85.3% 94.5% 
97.4% 55.6% 








Diagnostic 91.8% 91% 
en a 
Alvarado Sensitivity 68.3% 63.3% 
Score 
(cut off 7) 
po PPV 86.3% | 100% 
po NPV 714% | 233% 


Diagnostic 86.5% 67% 
Accuracy 
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In our study, usefulness of the scoring system was 
demonstrated beyond doubt by reducing the number 
of negative appendectomies. 

In Our study we found that sensitivity of Alvarado 
score increases from 63.3 % to 85.6% at a cut off 
value of >= 6. Similar results were observed in a 
study by Shrivastva UK et al[20]. In this study also 
author found that sensitivity of Alvarado sore 
increases from 63.3% to 85.6% at a cut off value of 
>=6 especially in Indian set up. None of the patients 
in our study with normal appendix had Alvarado 
score of 7 or more. 

Area under ROC curve for ALVARADO score is 
slightly higher than RIPASA (0.926 vs 0.914) hence 
we can conclude that ALVARADO score at cut off 
value of 6 is better than RIPASA but results are not 
statistically significant. 


CONCLUSION 


Both scoring systems are fast, simple, reliable, non- 
invasive, repeatable and safe diagnostic modality 
without extra expense and complications. 

The sensitivity of RIPASA Score in our study (cut 
off value of 7.5) is 95.6% while the specificity is 
50% .The positive predictive value is 94.5% and 
negative predictive value is 55.6%. Accuracy of the 
scoring system is 91%. 

The sensitivity of Alvarado score (cut off value of 7) 
in our study is 63.3% while the specificity is 100 
.The positive predictive value is 100% and negative 
predictive value is 23.3 % . Accuracy of the scoring 
system is 67%. 

Higher RIPASA score correlates with higher 
chances of perforation. 

RIPASA score is highly sensitive score for Acute 
appendicitis at a cut off value of 7.5 in contrast to 
ALVARADO score which is both sensitive as well 
as specific at cut off value of 6. 

Area under ROC curve for ALVARADO score is 
slightly higher than RIPASA 0.926 vs 0.914 hence 
we can conclude that ALVARADO score at cut off 
value of 6 is better than RIPASA but results are not 
statistically significant. 

The application of these scoring systems improves 
diagnostic accuracy and thus consequently reduces 
complication rates. 
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